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SYSTEM AND METHO0{S) OF MINE PLANNING, DESIGN AND PROCESSING 
FIELD OF INVENTION 

The present Invention relates to the field of extracting resource(s) from a 
particular location. In particular, the present invention relates to the planning, 
design and processing related to a mine location in a nnanner based on 
enhandng the extraction of material considered of value, relative to the effort and 
/ or time in extracting that material. 
BACKGROUND ART 

In the mining industry, once malenal of value, such as ore situated below 
the surface of ttie ground, has been discovered, there ^Ists a need to extract 
that material from the ground. 

In the past, one more traditronai method has been to use a relatively large 
open cut mining technique, whereby a great volume of waste material is removed 
from the mine site In order for the miners to reach the material considered of 
value. For example, referring to Figure 1, the mine 101 is shown with its valuabie 
material 102 situated at a distence below the ground surface 103. In the past, 
most of the (waste) material 1 04 had to be removed so thai the valuable material 
102 could be exposed and extracted from the mine 101 . in the past, this waste 
material was removed irt a series of progressive layers 105, which are ever 
diminishing in area, until the valuable material 102 was exposed for extraction. 
This is not considered to be an efficient mining prooess, as a great deal of waste 
material must be removed, stored and relumed at a later time to the mine site 

101, in order to extract the valuable material 102. It is desirable to reduce the 
volume of waste material that must be removed prior to extracting the valuable 
material. 

The open cut method exemplified In Frgure 1 is viewed as particulariy 
Inefficient where the valuable resource is located to one side of the pit 105 of a 
desirable mine site 101. For example. Figure 2 illustrates such a situation. The 
valuable material 102 is located to one side of the pit 105. in such a situation, ft is 
not considered efficient to remove the waste material 104 from region 206, that is 
where the waste material is not located relatively dose to the valuable material 

102, but It is considered desirable to remove the waste material 104 from region 
207, that is where it is tocated nearer to the valuable material 102. This then 
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brings other consfderations to th# loi«. For example, it would be deslraWe to 
determine the boundary between regions 206 and 207. so that not too much 
undesirable waste material Is removed (region 206). yet enough is removed to 
ensure safety factors are considered, such as caverns, etc. This then leads to a 
5 norther consideration of the need to design a W 105 with a relatively optimal 
design having consideration for the location of the valuable material, relative to 
the waste material and other issues, such as safety factors. 

This farther ccnsider^atlon has led to an analysis of pjt design, and a 

in TTu °' '""''"'"^ ""^"'^ "^^^"^ ^"^ "^'"^^^^ ""^-^^ 'pushbaoks.. 

10 This technique is illustrated In Figure 3. Basically, the pit 105 Is designed to an 
extent that the waste material 104 to be removed Is minimised, but still enabling 
extraction of the valuable material 102. The technique uses 'blocks' 308 which 
represent smaller volumes of material. The area proximate the valuable material 
fe divided into a number of blocks 308. It is then a matter of detemiining which 

15 need to be removed in order to enable access to the valuable material 

irr^tTos °' '""""^ "^^^ ^'^^ 

JT^ ^ '"'"^ ^ *^ dimensional area, however. It 

20 "^^^1'^''''^''^'^'^-^^^^^^ ThusthsblocKs 
308 to be removed are detem,ined In phases, and cones, which represer^t more 
acojrBtely a three dimensional Volume- which volume will ultimately fomi the pit 

^y.^TT .<»™«-«Hon can b. 9h«n to «,e prior art station lllt«t™ted In 
25 ^ ; ai"" scheduling Of »» ,«„o», ^ 

25 Wocte. "> effect, wha. I. «»b«t order Of block removal. When omer business 

»P.cte such a. BmeA«lue and discounted cash flow, ere taken Into aoco«nt7 

^re a ne«l to And a relatively optimal oMer of block mmoval which gives a 

r«atively max»num value Itor a ralatlvoly ,nli*nuir effertfflme 
30 H-^ ''"*'*'"'™*'"»»Pa««o find this -optimum- btock order by 

4lTZl^ •^"'^•"^"~'*«««"«*>af«w..destabletoremovebk.ck 
414. then there I, considered to be a -vtolaHon- „ ^ dstennlned a schedule of 
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block removal wWch started by removing block 414 or bfocks 414, 412 & 413 
before blocks 409, 410 and 411 were removed. In other words, a violatton free 
schedule would seek to remove other blocks 409. 410. 411. 412 and 413 before 
block 414. (It Is important to note that the block number does not necessarily 
5 Indicate a preferential order of block removal). 

It can also be seen that this block schedufing can be extended to the entire 
pit 105 In order to remove the waste material 104 and the valuable material 102. 
With this violation free order schedule in mind, prior art attempts have been 
made. Figure 5 Illustrates one such attempt Taking the blocks of Figure 4, the 
10 blocks are numbered and sorted according to a 'mineable block order* having 
regard to practical mining techniques and other mine factors, such as safety etc 
and is illustrated by table 615. The blocks In table 615 are then sorted 516 with 
regard to Net Present Value (NPV) and is based on push back design via Llfeof- 
mine NPV sequencing, taking Into account obtaining the most value block from 
15 the ground at the earliest Mme. To Illustrate the NPV sorting, and turning again to 
Figure 4. there is a question as which of blocks 409. 410 or 411 should be 
removed first All three blocks can be removed from the point of view of the ability 
to mine them, but it may, for example, be more economic to remove block 410. 
before block 409. Removing blocks 409. 410 or 411 does not lead to ViolationsP 
20 thus consideration can be given to the order of block removal which is more 
economic. 

The NPV sorting is conducted in a manner which does not lead to 
violations of the Violation free ordef. and provides a table 517 listing an 
•executable block order*. In other words, this prior art technique leads to a listing 

25 of blocks, fn an order which detemiines their removal having regard to the ability 
to mine them, and the economic return for doing so. 

Furthemnore. a number of prior art techniques are considered to take a 
relatively simple view of the problems confronted by the mine designer In a 'real 
world' mine situation. For example, the size, complexity, nature of blocks, grade 

30 and other en^neering constraints and time taken to undertake a mining operation 
IS often not fully taken into account in prior art techniques, leading to 
computaUonal problems or errors in the mine design. Such errors can have 
significant frnandal and safety implications for the mine operator. 
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With regard to size, for example, prior art techniques fail to adequately fake 
account of the size of a 'blodc'. Depending on trie size of the overall project, a 
'i>lock' may be quite large, taking some weeks, months or even years to mine. If 
this is the case, many assumpttons made In prior art techniques fail to give 
5 sufficient accuracy for the modem day business en\^FDnment. 

Given that many of the mine designs are mathematlcaily and 
computational complex, according to prior art techniques, if the size of the btocks 
were reduced for greater accuracy, the result wlli be that either the optimisation 
techniques used will be Bme in feasible < that is they will take an inordinately iong 
1 0 time to complete), or other assumptions wiii have to be made concerning aspects 
of the mine desigrt such as mining rates, processing rates, etc which will result in 
a decrease the accura(^ of ttie mine design solution. 

Some examples of commerciai software do use mixed integer 
programming engines, however, the method of aggregating blocics requires 
1 5 further improvement For example, it is consktered that product 'ECSi lUlaximiser' 
by ECS internaUonal Pty Ud uses a fomi of integer optimisatian in their pushback 
design, but the optimisation is local in time, and ifs problem Ibrmuiation is 
considered too large to optimise globally over the life of a mine. Also the product 
'IWIineMax- by MIneMAX Rd Ltd may be used to find a rudimentary optimal block 
20 sequencing with a mixed Integer programming engine, however It is considered 
that It's method of aggregation does not respect slopes as Is required in many 
situations. 'iVIIneMax' also optimises locally In time, and not globally. Thus, 
where there is a large number of variables, the user must resort to subdividing the 
pit Into separate sections, and perform separate optimisations on each section. 
25 and thus the optimisation Is not global over the entire pit. It is considered 
desirable to have an optimisation that Is global In both space and time. 

There sflil exists a need, however, to Improve prior art techniques. Given 
that mining projects, on the whole, are relatively laige scale operations, even 
sman improvements in prior art techniques can represent millions of dollare in 
30 savings, and / or greater producth^ity and / or safety. 

An object of the present invention Is to provide an improved method of 
detemnining a duster. 
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Another object of the present invention is to aHeviate at least one 
disadvantage of the prior art 

Any discussion of documeiirts. devices, acts or knowledge In this 
spedflcatfon Is Included to explain the context of the invention, it should not be 
5 taken as an admission that any of the material fbrms a part of the prior art base or 
the common general knowledge In the relevant art In Australia or elsewhere on or 
before the priority date of the dlsctosure and claims herein. 
SUMMARY OP INVENTION 

The present Invention provides a method of and apparatus for detemiining 
1 0 a cluster of material, the method Including 

allocating at least a portion of the material between a plurality of blocks. 

determining a first attribute related 1o coordinates corresponding to Jach 

blodc, 

assigning the first attribute to each conesponding btock. 
detennlning a second attribute related Id the plurality of blocks, and 
aggregatng at least two of the plurality of blocks In accorded with the 
first attribute and the second attribute. 

Other aspects and preferred aspects are disclosed in the spedflcatJon and 
f or defined in the appended daims. 

The method(8). systems and techniques disclosed In this application may 
be used in conjuncHon with prior art integer programing engines. Many aspects 
of the present disclosure serve to Improve the performance of the use of such 
engines and the use of other known mine design techniques. 

In essence, the present Invention, referred to as Initial Identfflcatfon of 
Clusters, aggregates a number of blocks Into collections or clusters. The dusters 
preferably more sharply Identify regions of high-grade and low-grade materials 
while maintaining a spaflai compactness of a duster. The dusters are fomied by 
blod« having certain x. y. z spaUal coordinates, combined with another 
coordinate. rBpreaenting a number of selected values, such as grade or value 
The advantage of this is to produce inverted cones that are relatively tightly 
focused around regions of high grade so as not to necessitate extra stripping. 
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In other words, where there is an ore body having a number of blocks, the 
present invention deals with building cones and dumps etc from the information 
iciown about the ore body and ITe blocke. 

Other related aspects of Invention, include: 
5 in essence, the first related aspect of Invention, referred to as Generic 

Ktumpldng. is a method of mine design that flretiy. is considered a clever choice 
of aggregation to reduce the number of variables via a spatialAralue clustering 
and propagation to fomn dumps. Secondly, the indusion of mining and 
processing constraints in an Integer program based around the dump variables to 
1 0 ultimately produce an optimal blodc sequence. Thiidly. the rapid loop of dustering 
blocks in this optimal sequence according to spaoeAlme of extraction and 
propagating these dusters to form pushbacks. interrogating them for value and 
mineabnify, and adjusting clustering parameters as needed. 

In essence, the second related aspect of invention, referred to as 
1 5 Propagation of clusters and formation of dumps, fomjs relatlveiy minimal imrerled 
cones with dusters at their apex end Interseds these cones to four dumps, or 
aggregations of blocks that resped slope oonslreints. Advantageously, it has 
been found that aggregaUng the small blocks in an Intelligent way serves to 
reduce the number of "atoms" variables to be fed Into the mixed integer 
20 programming engine. The clumps allow relatlveiy maximum flexibility In potential 
mining schedules, while keeping variable numbers to a minimum. The coliedion 
of clumps has three important properties. Firstly, the dumps allow access to all 
the targets as quickly as possible (minimalfty). and secondly the dumps aUow 
many possible orders of access to the identified ore targets (flexibility). Thiixlly. 
25 because cones are used, and due to the nature of the cone(s), an extradion 
ordering of the dumps that is feasible according to the precedence arcs will 
automatically resped and accommodate minimum stope constraints. Thus, the 
skjpe constraints are automatically built into this asped of invention. 

in essence, a third related asped of Invention, referred to as splitting of 
30 waste and ore in ckimps, is based on the reallsafion that dumps contain both ore 
blodcs and waste blodcs. Many integer programs assume that the value is 
distributed unifomriiy within a clump. This Is. however, not true. Typically, dumps 
wm have higher value near their base. This Is because most of the value is lower 
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underground whfle closer to the surface end tends to have more waste blocks. 
By splitting the clump mto relatively pure waste and desirable material, the 
assumption of uniformity of value for each porUort of the dump Is more accurate. 
In essence, a fourth related aspect of invention, referred to as Aggregation 
5 of bioci» Into dumps; high-level ideas, reduces the number of variables to a 
relativBly manageable amount for use in currwt technology of integer 
piogramnning engines. Advantageously, this aspect enables the use of an integer 
programming engine and the ability to Incorporate further constraints sudi as 
mining, processing, and marlceting capadties. and gr^de constraints. 

10 in essence, a fifth related asped of invention, referred to as Detemitnafion 

of a block ordering from a clump ordering, turns a clump ordering Into an ordering 
of biocica. This Is. in effed. a de aggregation. Using techniques disdosed herein, 
the integer program engine was used on the leiativeiy small number of clumps, 
and thus the result can now be translated back Into the large number of small 

15 blocics. 

in essence, a sixth related asped of invention, referred to as fuzzy 
dustering; second identification of dusters for pushbadc design^ clusters btod<s 
according to their spatial position and their time of extradion. This is considered 
necessary because if pushbacks wens fomned from the block sequence In its raw 
20 forni. the pushbacics would be generally highly fragmented and considered non- 
mineable. The dustering gives control over the connedlvlty and mineabiiity of the 
resulting pushbacks. 

In essence, a seventh related asped of invention, referred to as fuzzy 
dustering: aitematlve 1. clusters blocks according to their spatial position and 

25 their time of extradion. The dusters may be controlled to be a certain size, or 
have a certain rock tonnage or ore tonnage. The shapes of the clusters may be 
controlled through parameters that balance the space and the time coordinate 
The advantage of shape control is to produce pushbadci that are mineable and 
not fragmented. The advantage of size contrd is the ability to control stripping 

30 ratios In years where the mill may be operating under capacity. 

In essence, an eighth related asped of invention, refen^ed to as fuzzy 
dustering; alternative 2. propagates inverted cones from the dusters identified in 
the secondary dustering. The dusters in the secondary dustering are time 
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ordered, and the propagation occurs in this Ume order, with no intersections of 
inverted cones allowed. Advantageously, this provides the ability to extract 
pushbacks from the blodc ordering that are weU connected and mineable, while 
retaining the bullc of the 1^ optimality of the block sequence. 

In essence, a ninth related aspect of inventton, referred to as fuzzy 
clustering; alternative 3. provides the creation of a feedback loop of clustering, 
propagating to find pushbacks, valuing relativeiy quickly, and then feeding this 
Information back Into the choice of clustering parameters. The advantage of this 
Is that the effect of different clustering parametefs may be very quickly checked 
for NPV and mineabillty. it Is heretofore been virtually impossible to evaluate a 
pushback design for NPV and mineabitity befoie it has been constnjcted. and the 
fast process loop of this aspect allows many hlflhK,uality pushbacks designs to be 
constructed and evaluated (by the human eye In the case of mineabitity}. 

The present Invention may be used, for example, by mine planners to design 
relatively optimal pushbacks for open cut mines. Advantageously, the present 
invention is considered is different to prior art pushback design software in that 
The present Invention does not use either of the most common pit design 
algorithms (Lerchs-Grossmann or Floating Cone) but instead uses a 
unique concept of optimal "dump- sequencing to develop an optimal block 
sequence that is then used as a basis Ibr pushback design. 
The design Is relatively optimal with respect to properly discounted block 
values. No other pushback design software is considered to correctly 
allow for the effect of time (viz: block value discounting) in the pushback 
design step. Traditional phase designs ignore medium grade ore pods 
close to the surface with good NPV whilst focussing on higher value pods 
that may be deeply burled- 

The present Invention can properly address the so-called 'Whittle^ap" 
problem where consecutive Lerchs-Grossmann shells can be very far 
apart, offering little temporal Infomriatlon. The present Invention obtains 
relatively complete and accurate temporal Infomiatlon on the block 
ordering. 

Process and mining constraints can be explicitly Incorporated Into the 
pushback design step. 
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The planner can rapidly design and value pushbacks that have different 
topologies, the trade-off being between pits with high NPV. but with 
difficult^o^nlne (eg: ring) pushback shapes, and those with more mineable 
pushback shapes but lower ISIPV. The advantage of the more mineable 
5 pushback shapes is that much less NPV wiH be wasted in enforcing 

minimum mining wfdth and in accommodating pit access (roads and 
berms). 

The ability to quickly generate and evaluate a number of different sets of 
candidate pushback designs Is a feature not allowed In traditional 

10 pushback design software where design opUons are usually f&lrly limited 

(eg: the amalgamation of adjacent WWtae shells Into a single pushback) 
Various aspects of the present invention also serve to Improve the use of 
existing Integer programming engines, such as -epiex" by ILOG. 
Throughout the spedflcation: 

15 1 . 'collection' Is a terni for a gnMjp of objects. 

2. a •cluster' Is a collection of ore btocks or blocks of ofhenvisa desirable 
material that are relatively dose to one another in temis of space and / or 
other attributes, 

J. a 'dump- Is formed from a duster by first piXHlucIng the minfmai inverted 
cone extending from the cluster to the surface of the pit by propagating ail 
blocks In the duster upwards using the arcs that describe the minimal 
slope constraints. Each cluster will have its own minimal inverted cone 
These minlmai inverted cones are then Intersect with one another and the 
Intersections form clumps, and 
25 4. an 'aggregation' is a tenm. although mostly applied to collections of blodcs 
that are spatially connected (no "holes" In theni). For example, a clump 
may be an aggregation, or may be "Super blocks" that are larger cubes 
made by joining together smaller cubes or blocks. 
DESCRIPTION OF DRAWINGS 

Further disdosure. objects, advantages and aspects of the present 
application may be better understood by those skilled In the relevant art with 
reference to the following description of preferred embodiments taken In 
conjunction with the accompanying drawings, in which: 
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Figures 1 to 5 illusfrate prior art minfng techniques, 

Ffgure 6 illustrates, schematically, a flow chart outlfning the overall process 
according to one aspect of inventksn, 

Figure 7 illustrates schematlcaUy the Identification of clusters. 
5 Rgure 8 Illustrates schematically cone propagation In pit design, 

Figure 9 illustrates schematically the splitting or ore from waste material, 

Rgure 10 Illustrates an example of fiizzy clustering' Jn a mine site, and 

Figures 11a. lib and 11c illustrate a secondary clustering, propagation, 
and NPV valuation process. 
10 DETAILED DESCRIPTION 

In order to more fully describe the present invention, a number of related 
aspects will also be described. In this way, the reader can gain a better 
understanding of the context and scope of the present invention. The present 
Invenflon is primarily described in sections 1 and 2 below, however, regard should 
1 5 also be made to the other disclosure of this specification. 
1 Generic KlumpKing 

Figure 6 Illustrates, schematicaliy an overall representation of one aspect 
of invention. 

Although specific aspects of various elements of the over^l flow chart are 
20 discussed below In more detail, it may be helpful to provide an outline of the flow 
chart Illustrated In Figure 6, 

Btocl« model 601. mining and processing parameters 602 and slope 
constraints 603 are provided as Input parameters. When combined, precedence 
arcs 604 are provided. For a- given biodc. arcs will point to other blodcs that must 
25 be removed before the given blocic can be removed. 

As typically, the number of blocks can be very large, at 605. blocks are 
aggregated into larger collecbons. and clustered. Cones are propagated from 
respective clusters and clumps are then created 606 at intersections of cones. 
The number of dumps is now much smaller than the number of blocks, and 
dumps include slope constraints. At 607, the clumps may then be sdieduled in a 
manner according to spedfied criteria, for example, mining and processing 
constraints and NPV. It is of great advantage that the scheduling occurs with 
clumps (which number mudi less than blodcs). It is, in part, the reduced number 
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Of dumps that provides a nefaUve degree of arithmetic simplicity and / or reduced 
requirements of the .progrartwnlng engine or algorithms used to determine the 
schedule. Following this, a schedule of individual block order can be determined 
from the clump schedule, by de-aggregatlng. The step of polish at 608 Is optional. 
6 but does Im prove the value of the block sequence. 

From the block ordering, pushbacks can be designed 609. Secondary 
clustering can be undertaken 610, with an additional fourth co-ortilnale. The 
fourth co-ordinate may be time, for example, but may also be any other desirable 
value or parameter. From here, cones are again propagated from the dusters. 

0 but in a sequence commensurate with the fourth co-ordinate. Any btocks already 
assigned to previously propagated cones are not Induded in the next cone 
propagation. Pushbacks are fomned 611 from these propagated cones. 
Pushbacks may be viewed for mineablllty 612. An assessment as to a balance 
between mineability and NPV can be made at 613, whether In accordance with a 

5 predetemfilned parameter or not The pushback design can be repeated If 
necessary via path 614. 

Other consideration can also be taken into account, such as minimum 
mining width B15, and validation 816. Balances can be taken Into account for 
mining constraints, downstream processing constraints and / or stockpiling . 

) options, such as blending and supply chain determination and / or evaluation. 

The following description focuses on a number of aspects of invention 
which reside within the overail ftow chart disdosed above. For the purposes of 
Figure 6. sections 2 and 5 are associated with 605, sections 3. 4 and 5 are 
associated with 606, sections 4, 6 are assodated with 607. sections 7 and 7.3 are 

1 associated with 610, sections 7.2 and 7.3 are associated with 611. section 7.3 is 
associated with 612. 613 and 614. and secUons 7. 7.1 , 7.2 and 7.3 are assodated 
with 609. 

1 .1 Inputs and preliminaries 

Input parameters indude the block model 601, mining and prooessing 
parameters 602. and slope constraints 603. Slope regions (eg. physical areas or 
zones) are contained in 601; slope parameters (eg. slopes and bearings for each 
zsone) are confined In 602. 
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K.!I!r infbrmafion, fbrexample. such as the value 
Of a blocK .n dollar,, the grade of the block In grams per tor«te. the tonnage of 
nock in the block, and the tonnage of ore in the block. 

The mining and processing parameters 602 are expressed in terms of 
5 tonnes par year that may be mined or processed subject to capacity constraints. 

The slope constraints 603 contain Information about the maximal slope 
around in given directions about a particular block. 

The slope constraints 603 and the block model 601 when combined give 

in l^^'^'^;^^^^ '^or a given btock.an» will point f«,m the given 

10 block to an other blocks that must be removed before the given block. The 
number of an:s is reduced by storing them in an Inductive, where, for example. In 
two dimensions, an Inverted cone of blocks may be described by every block 
po.nt.ng to the three blocks centred immediately above if. This principle can also 

15 rd^^r'.^n'Tw'"'""''""" '^^'^''^-^•'^ — •^'a.ge. for example having 
15 a depth of 10 . the number of arcs required would be 100; one for each block 
However, using the inductive rule of "point to the three blocks centred directly 

«f r ?«n ' """^ ""^^ "^^"^^ '^^^^ arcs instead 

^fiie 100. in this way the number of arcs required to be stored is greatly 

20 Ifch"^ '^"'''*^'"*^«'*'*yP'«^">'~ntalnhundredsofthousandsofbIocks.wim 

sTrl f r*"'""^ ^ compression Is considered a 

Significant advantage. 

1-2 Pradiwlng an optimal block onlaring 

The nm,ber of Uoda In «» WooK model 601 is typically far too U,^ fc> 
.ncwuiually. »^ « ^ ,es»,We to agg^gate the Nocte imo larger 

2 TT^' . ""*^ eos (tt»« am typically located towards 

the bottom of the pit In one p«s,.«, tho« bloeks with neflaUve value 

'^J^- •='"«««')• The ore Woc^ L custeTd" 

^ll>'<us,„att»„x.y.zcoo««nate.)andInt«,«,oflhelrBmdaorvalue A 

9-«e or value w*ln then,. Th... duste™ will fbm, the Ke™i. of «» 
atoms of aggregation. 
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From each cluster, an Omaglnary) Inverted cone fs formed, by propagatTng 
upwards using the precedence arcs. This inverted cone represents the minlmaf 
amount of material that must be excavated befme the entire duster can be 
extracted. Ideally, for every duster, there is an Inverted cone. Typically, these 
6 cones will Intersect. Each of these Intersections (Including the trivial inteiseclions 
of a cone Intersecting only itself) will form an atom of aggregation, which Is call a 
clump. Clumps are created, rspiesented by 606. 

The number of clumps produced is now far smaller than the original 
number of blocks. Precedence arcs between clumps are Induced by the 
10 precedence arcs between the Individual blocks. An retraction ordering of the 
clumps that is feasible according to these precedence arcs will automatically 
respect minimum slope constraints. It Is feasible to schedule these clumps to find 
a substanHally NPV maximal, clump schedule 607 that satisfies aU of the mining 
and processing constraints. 

15 Now that there Is a schedule of clumps 607. this can be turned into a 

schedule of individual blocks. One metfuxl Is to consider all of those clumps that 
are begun in a calendar year one. and to excavate these block by block starting 
from the uppermost level, proceeding level by level to the lowermost level. Other 
methods are disclosed in Section 6 of this specification. Having produced this 
block ordering, the next step may be to optionally Polish 608 the block ordering to 
further lnrv>rove the NPV. 

In a more complex case, the step of polish 608. can be bypassed. If it Is 
desirable, however, polishing can be peribrmed to Improve the value of the btock 
sequence. 

Balanced NPV opUmal / mineable puahback design from block 
ordering 

From this block brderlng. we can produce pushbacks. via pushback design 
609. Advantageously, the present invention enables the cr^on of pushbacks 
that allow ftor NPV optimal mining schedules. A pushback is a targe section of a 
Pit In Which trucks and shovels will be concentrated to dig. sometimes for a period 
of tme. such as for one or more years. The block ordering gives us a guide as to 
Where one should begin and end mining, in essence, the block ordering Is an 
optimal way to dig up the pit However, often this block ordering is not feasible 
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because the ordering suggested is too spatially fragmented. In an aspect of 
Invention, the block ordering Is aggregated so that large, connected portions of 
the pits are obtained (pushbacks). Then a secondary clustering of the ore blocks 
can be undertaken 610. This time, the clustering is spatial (x. y. 2) and has an 
5 additional 4th coordinate, which represents the block extraction time ordering. 
The emphasis of the 4th coordinate of time may be increased and decreased. 
Decreasing the emphasis produces clusters that are spatially compact, but ignore 
the optimal extraction sequence. Increasing the emphasis of the 4*" coordinate 
produces clusters that are more spatially fragmented but foiiow the optimal 
10 extraction sequence more closely. 

Once the clusters hay^e been selected (and ordered In time), inverted 
cones are propagated upwards In time order. That is. the earliest duster (in time) 
is propagated upwards to fomn an Inverted cone. Next, the second earilest 
duster is propagated upwards. Any b!ocl<s that are already assigned to the first 
cone are not induded in the second cone and any subsequent cones. Likewise, 
any btoclcs assigned to the second cone are not Induded in any subsequent 
cones. These propagated cones or parts of cones fomi the pushbacks 61 1 . This 
secondary dustertng. propagation, and NPV valuation Is relatively rapid, and the 
intentton is that the user would seled an emphasis for the 4th coordinate of time, 
perfomi the propagation and valuation, and view the pushbacks for mineabflltii 
612. A balance behveen mineability and NPV can be accessed 613. and if 
necessary the pushback design steps can be repeated, path 614. For example, if 
mineability Is too fragmented, the emphasis of the 4th coordinate would be 
reduced. If the NPV from the valuation is too low, the emphasis of the 4th 
25 coordinate would be increased. 

Once a pushbadc design has been selected, a minimum mining width 
nouane 615 Is run on the pushbadc design to ensure that a minimum mining width 
is maintained between the pushbacks and themselves, and the pushbacks and 
the boundary of the pit. An example In the open literature is The effect of 
minimum mining width on NPV" by Christopher Wharton & Jeff Whittle, 
-Optimizing with Whittle" Confisrenco. Perth. 1997. 



30 



-i-oxo afX£: uxoa p» H 



15 

"iA Further valuatfon 

A more sophisticated valuation melhod 616 rs possible at this final stage 
that balances mining and processing constraints, and additionally could take into 
account stockplUng options, such as blending and supply chain determination and 
5 y or evaluation. 

2 Inltlalldentlflcation of clusters 

It has been found that the number of blocks In a block model is typically fer 
too large to schedule individually, therefore In accondanca with one related aspect 
of invention, the blocks are aggregated into larger collections. These larger 
10 collections are then preferably scheduled. Scheduling means assigning a dump 
to be excavated in a particular period or periods. 

To proceed with the aggregation, a number of ore blocks are clustered. 
Ore blocks are identified as different from waste material. The waste material Is 
to be removed to reach the ore blocks. The ore blocks may contain substantially 
15 only ore of a desirably quality or quantity and / or be combined with other material 
or even virasts material. The ore blocks are typically located towards the bottom 
of the pit. but may be located any where in the pit. In accordance with a preferred 
aspect Of the present invention, the ore blocks which are considered to be waste 
are given a negative value, and the ore blocics are not clustered with a negative 
20 value, tt is consklered that those btocks with a positive value, present themselves 
as possible targets for the staging of the open pit mine. This approach Is built 
around targeting those blocks of value, namely those blocks with positive value 
Waste blocks wHh a negative value are not considered targets and are therefoiB 
this aspect of invention does not duster those targets. The ore blocks are 
25 dustered spatially (using their x. y. z coordinates) and in temis of their grade or 
value. Preferably, limits or predetermined criteifa are used In dedding the 
dusters. For example, what is the spatial limit to be applied to a given duster of 
blocks? Are biodcs spaced 10 meters or 100 meters apart consideiBd one 
duster? These criteria may be varied depending on the particular mine, design 
30 and environmenl. For example, Figure 7 illustrates schematically an ore body 
701 . Within the ore body are a number of blocks 702. 703. 704 and 705. (The 
ore body has many blocks, but the description will only refer to a limited number 
for simplicity) Eadi blod< 702. 703. 704 and 705 has Its own Individual x. y z 
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coordinates. If an aggregation is to be formed, the coordinates of blocks 702. 
703, 704 and 705 can be analysed according to a predetermined criteria. If th^ 
criteria is only distance, for example, then bloclcs 702. 703 and 704 are situated 
closer than bloci« 705. The aggregation may be thus formed by blocks 702, 703 
S and 704. However. If. in accordance with this aspect of Invention, another criteria 
Is also used, such as grade or value, blacks 702. 703 and 705 may be considered 
an aggregation as defined by line 706. even though block 704 Is situated closer to 
blocks 702 and 703. A balancs Is struck between having spatially compact 
clusters, and clusteis with similar grade or value within them. These clusters will 
10 fomi the kernels of the atoms of aggregation. It Is . Important that there is control 
over spatial compactness versus the grade^afue similarity. If the clusters are 
too spatially separated, the Inverted cone that we win ultimatBiy propagate up 
from the duster (as will be described below) will be too wide and contain 
superfluous stripping, if the clusters Intemariy contain too much grade or value 
15 variation, there will be dilution of value. It is prefeiabie for the clusters to 
substantially sharply Idenfify regions of high grade and low^rade separately, 
while maintaining a spatial compactness of the clusters. Such dusters have beeri 
found to produce high-quality aggregations. 

Furthemiore, where a relatively large body of ore is encountered, the ore 
body may be divided Into a relatively large number of blocks. Each block may 
have substantlafly the same or a different ore grade or value. A relatively large 
number of btocks will have spatial difference, which may be used to define 
aggregates and clumps in accordance with the disclosure above. The ore body. 
In this manner may be broken up Into separate regions, from which Individual 
25 cones can be defined and propagated . 

3 Propagation of clusters and formation of clumps 

In accordance with the present Invenilon. from each cluster, an inverted 
cone (imaginaiy) Is formed. A cone Is raffed to as a manner of explaining 
vIsuaBy to the reader what occurs. Although the collection of blocks forming the 
cone does look like a discretlsed cone to the human eye. In a practical 
embodiment, this step would be simulated malhemattcally by computer. Each 
cone Is preferably a minimal cone, that Is. not over sized. This cone Is 
represented schematically or mathematically, but for the purposes of explanaUon 
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It is helpful to think of an inverted cone propagating upwaixl of the aggregation. 
The Inverted cone can be propagated upwande of the atom of aggregation using 
the precedence arcs, ly^ost mine optimisation software packages use the idea of 
precedence arcs. The cone Is preferably three dimensional. The Inverted cone 
5 represents the minimal amount of material that must be excavated before the 
entire duster can be extracted, in accordance with a preferred form of this aspect 
of Invention, every cluster has a corresponding Inverted cone. 

Typically, these cones will intersect another cone propagating upwardly 
from an adjacent aggregation. Each Intersection (including the trivial 
10 Intersections of a cone intereecting only Itself) will fbrm an atom of aggregation, 
which is call a 'dump', in accordance with tills aspect Precedence arcs between 
clumps are Induced by the precedence aios between the fndlvlduai blocks. 
These precedence arcs are important for identifying which extraction ordering of 
dumps are physically feasible and which are not Extradion oiderings must be 
15 consistent with the precedence arcs. This means ttiat If blod</dump A pdnts to 
block/dump B. then block/dump B must be excavated earfier titan blodtfdump A. 

With reference to Figure 8. Illustrating a pit 801. In whidi tiiere are ore 
bodies 802. 803. and 804. Having identtfled the Important "ore targets^ In tiie 
stage of initial identification of dusters, as described above, the procedure of 
20 propagation and fomiaflon of dumps goes on to produce mini pits (clumps) that 
are the most effident ways access these "ore targets". The dumps are the 
regions fbnried by an Intoreection of flie cones, as well as the remainder of cones 
once the Interceded areas are removed. In accordance witti the embodiment 
asped. intereected areas must be removed before any others. Eg. 814 must be 
dug up before either 805 or 806. in Figure 8. In accordance with the description 
above, cones 805. 806 and 807 are propagated (for the purposes of illustration) 
from ore bodies to be extracted. The cones are fomied by precedence arcs 808 
809. 810. 811, 812 and 813. In Figure 8. for example, dumps are designated 
regions 814 and 815. Otiier clumps are also designated by what is left of the 
30 inverted cones 805, 808 and 807 when 814 and 815 have been removed. The 
dump area Is tiie area within the cone. The overlaps, which are flie Intersedlons 
Of ttie cones, are used to altow tiie excavation of tiie inverted cones in any 
particular order. The collection of dumps has ttiree important properties. Flretiy, 
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the Clumps allow access to ttia ail tangets as qulcWy as possible (minlmallly). and 
secondly the clumps allow many possible orders of access to tiie Identified ore 
targets (flexibility). Thirdly, because cones are used, an extraction ordering of the 
clumps that Is feasible accordfrig to the precedence ares wHi automatically respect 
5 and accommodate minimum slope constraints. Thus, the slope constraints are 
automatically built into this aspect of invention. 
4 Splitting of waste and ore in dumps 

Once the initial clumps have been formed, a search is performed from the 
lowest level of the dump upwards. The highest lewi at which ore Is contained In 
10 the clump Is identified; everything above this levelte considered to be waste The 
option Is given to split the dump into two pieces; the upper piece contains waste 
and the lower piece contains a mixture of waste and ore. Figure 9 iliustrates a pit 
801 . in whldi there Is an ore body 902. From the ore body, precedence arcs 903 
and 904 define a cone propagating upward. In accordance with this aspect of 
15 invention, line 905 Is identified as the highest level of the dump 902. Then 906 
can designate ore. and 907 can designate waste. This splitting of waste from ore 
designations Is considered to allow for a more accurate valuation of the dump 
Many tedinlques assume that the value within a dump Is uniformly distributed, 
however, in pradice this Is often not the case. By splitting the dump into two 
pieces, one with pure waste and the other with mostly ore. the assumption of 
homogeneity is more Hkely to be accurate. More sophisticated splitting based on 
finer divisions of value or grade are also possible in accordance with 
predetermined oriterfa. wWdi can be set fix^n tlrr« to time or in accordance w«h a 
particular pit design or location. 

25 5 Aosregation of blocks Into dumps: hlgh^evefldeas 

in accordance with this asped. the feature of 'dumping bfod^s together- 
may be viewed for the purpose of arithmetic simplicity where the number of 
blocks are too large. The number of dumps produced Is far smaller than the 
orlgrnal number of blodcs. This allows a mixed Integer optimisation engine to be 
used othen^ise the use of mb«d Integer engines would be considered net 

PS1099. btted Mming Process and Design" filed 14 IWarch 2002 by the present 
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applicant, and which is herein incorporated by reference. This aspect can be 
used to reduce problem and calculation size for other methods (such as disclosed 
in the co-pending applicatton above). 

The number of clumps produced rs far smaller than the original number of 
5 blocks. This allows a mixed integer optimisation engine to be used. The 
advantage of such an engine is that a truly optimal (in terms of maximising NPV) 
schedule of clumps may be found in a (considered) feasible time. Moreover this 
optimal schedule satisfies mining and processing constraints. Allowing for mining 
and processing constraints, the ability to find truly optimal solutions represents a 
10 significant advance over currently available commercial software. The quality of 
the solution will depend on the quality of the dumps that are Input to the 
optimisation engine. The selection procedures to kientify high quality clumps 
have been outlined In the sections above. 

Some commercial software, as noted in the baci^round section of this 
specification, do use mixed Integer programming engines, however, the method 
of aggregating blocks is different either In method, or In application, and we 
believe of lower-quality. For example, it is considered that 'ECSI Maximiser' 
uses a form of Integer optimisation in their pushback design, and restricts the time 
window for each block, but the optimisation Is local in time, and iTs problem 
formulation is considered too large to optimise globally over the Ufe of a mine. In 
contrast, in accordance with the present invention, a global optimisation over the 
entire life of mine Is perfomied by allowing clumps to be taken at any time from 
start of mine life to end of mine life. 'MineMax' may be used to find aidlmentaiy 
optimal block sequencing with a mixed integer programming engine, however it is 
oonsidered that If a method of aggregation does not respect slopes as Is required 
m many situations. 'iWinelWax' also optimises locally in time, and not globally. In 
use. there is a large huge number of variables, and the user must therefore resort 
to subdividing the pit to perfomi separate optimisations, and thus the optimisation 
•8 not global over the entire pit. The present Inventton Is gtobai In both space and 
30 time. 

6 Detemnlnatkiii of a block ordering from a clump ordering 

Now that there is a schedule of dumps, it is desirable to turn this Into a 
schedule of indhrtdual blocks. One method Is to consider all of those clumps that 
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are begun in year one. and to ^ccavate these block by block starting from the 
uppermost level, proceeding level by level to the lowennost level. One then 
moves on to year two, and considers all of those clumps that are begun in year 
two, excavating all of the blocks contained In those clumps level by level from the 
5 top level through to the bottom level. And so on. unUI the end of ttie mine life. 

Typically, some clumps may be extracted over a period of several years. 
This method just described is not as accurate as may be required for some 
situations, because the block ordering assumes that the entire clump is removed 
without stopping, once it is begun. Another method is to consider the fraction of 
10 the clump that Is taken in each year. This method begins with year one. and 
extracts the blocks In sucli a way that the con^ct fractions of each dump for year 
one are taken in approximately year one. The Integer programming engine 
assigns a fraction of each clump to be excavated in each period/year. This 
fraction may also be zero. This assignment of clumps to yeare or periods must be 
15 turned Into a sequence of blocks. TTiis may be done as follows. If half of the 
dump A is taken in year one, and one third of clump B is taken in year one. and 
all other fractions of dumps in year one are zero, the blocks representing the 
upper half of dump A and the blocks representing the upper one-third of dump B 
are jdned together. This union of blocks Is then ordered from the uppermost 
20 bench to the lowermost bench and fomis the beginning of the blocks sequence 
(because we are dealing with year one). One then moves on to year two and 
repeats the procedure, concatenating the blocks with those already in the 
sequence. 

Having produced this block ordering. tAodk ordering may be in a position to 
25 be opttonally Polished to further Improve the IMPV. The step of Polishing is similar 
to the method disdosed in co-pendIng applicatian RSI 099 (described above, and 
incorporated herein by reference) but the starting condition Is different. Rather 
than best value to lowest value, as Is disdosed In ttie co-pending application, in 
the present aspect, the stert Is witfi the blod< sequence obtained from ttie dump 
30 schedule. 
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7 Second Identificaflon of clusters for pushback design 
7.1 Fuzzy clustering: alternative 1 (space/time clustering of block 
sequence) 

From this block ordering, we must produce pushbacks. TWs is the ultimate 
5 goal of WumpKIng - to produce pushbacks that allow for NPV optimal mining 
schedules. A pushback Is a large secQon of a pit in which trucks and shovels will 
be concentrated for one or more years to dig. The btock ordering gives us a 
guide as to where one should begin and end mining. In principle, the block 
ordering is the optimal way to dig up the pit. However, It is not feasible, because 
10 the ordering is loo spatially fragmented. It is desirable to aggregate tt»e block 
ordering so that large, connected portions of the pits are obtained (pushbacks). A 
secondary clustering of the ons blocks Is undertaken. This time, clustering is 
spatially (x, y, z) and as a 4th coordinate, which is used for the block extradfon 
time or ordering. The emphasis of the 4th coordinate of time may be inci^sed or 
15 decreased. Decreasing the emphasis produces clusters that are spatially 
compact, but tend to ignore the optimal extraction sequence. Increasing the 
emphasis produces clusters that are more spatially fragmented but follow the 
optimal extraction sequence more closely. 

Once the clusters have been selected, they may be ordered in fime. The 
20 clusters are selected based on a known algorithm of fuzzy clustering, such as JC 
Bezdek, RH Hathaway, IVIJ Sabin, WT Tucker. "Convergence Theory for Fuzzy o- 
means: Counterexamples and Repairs". IEEE Trans. Systems. Man, and 
Cybernetics 17 (1987) pp 873-877. Fuzzy clustering is a clustering routine that 
tries to minimise distances of data points from a duster centre, in this Inventive 
25 aspect, the duster uses a four-dlmenslonal space; (x, y. z. v). where x, y and z 
give spatial coordinates or references, and V is a variable for any one or a 
combination of timo, value, grade, ore type, time or a period of time, value, 
grade, ore type, or any other desirable factor or attribute. Other factors to control 
are duster size (In tenms of ore mass, rock mass, rock volume. Svalue, average 
» grade, homogeneity of grade/value), and duster shape (in ternis of inegularity of 
boundary, spheiicai-ness, and connectivity), in one specific embodiment, V 
represents ore type. In another embodiment, dusters may be ordered in time by 
accounting for V as representing dusters according to their time centres. 
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There is also the alternative embodiment of controlling the sizes of the 
clusters and therefore the sizes of the pushbaoks. -Sire" may mean rock 
tonnage, ore tonnage, total value, among other things. In this aspect, there Is 
provkJed a fuzzy clustering algorithm or method, which fn operation senres to. 
5 where if a pushback is to begin. Its conesponding cluster may be reduced in size 
by reassigning blocks acconJIng to their probability of belonging to other clusters. 

There is also another embodfrnent. where there Is an algorithm or method 
that is a fbmr> of »crlsp'. as opposed to fuzzy, clustering, specially tailored for the 
particular type of size control and time ordering that are found In mining 
10 applications. This 'crisp' clustering Is based on a method of stowly growing 
clusters while continually shuffling the blocks between clusters to improve cluster 
quality. 

7.2 Fuzzy clustering; alternative 2 (Propagation of clusters) 

Having disclosed clustering, above, another related aspect of invention Is 
to then propagate these clusters in a time ordered way without using 
intersections, to produce the pushbacks. 

Refening to Figure 10, a mine site 1001 is schematically represented, in 
whtoh there Is an ore body of 3 sections, 1002. 1003. and 1004. 

Inverted cones are then propagated upwards in a time order as 
represented In Figure 10. by lines 1005 and 1006 for cone 1. That is. the earliest 
Cluster (in time) Is propagated upwards to fomi an inverted cone. Next the 
second earliest cluster is propagated upwards, as represented In Figure 10 by 
I«es 1007 and 1008 (dotted) for cone 2. and lines 1009 and 1010 (dotted) for 
cone 3. Any blocks that are already assigned to the first cone are not Included in 
«ie second cone. This is represented In Figure 10 by the area between lines 
1008 and 1005. This area remains a part of cone 1 according to this Inventive 
aspect. Again, in Figure 10. the area between lines 1010 and 1007 remains a 
part of cone 2, and not any subsequem cone. This method Is applied to any 
subsequent cones. Ukewlse. any blocks assigned to the second cone are not 
mcluded in any subsequent cones. These prepagafed cones or parts of cones 
form the pushbaoks. 
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7^ Fuzzy Clustsfing; altematfvo 3 (Ftediaack loop of pushback design) 

In this related a^ct. there is a prooe^ loop of clustering, propagating to 
find pushbaclcs. valuing reiativeiy quickly, and then feeding this Infbrmatlon back 
into the choice of clustering parameters. 
5 This secondary clustering, propagation, and NPV valuation is relatively 

rapid, and the Intention is that there would be an iterative evaluation of the result, 
either by computer or user , and accordingly the emphasis for the 4th coordinate 
can be selected, the propagation and valuation can be considered and 
performed, and the pushbacits for mineablllty can also be considered and 

10 reviewed. If the result is considered too fragmented, the emphasis of the 4th 
coordinate may be reduced. If the f<JPV from the valuation is too lov>^. the 
emphasis of the 4th coordinate may be irua^sed. 

Referring to Figure 11a. there is Illustrated in plan view a two dimensional 
slice of a mine site. In the example there are 1 5 bloclcs, but the number of blocks 

15 may be any number. In this example, blocks have been numbered to correspond 
with extraction time, where 1 is eariiest extraction, and 15 is latest extraction time, 
in the example Illustrated, the numbers indicate relatively optimal extraction 
ordering. 

In accordance with the aspect disclosed above. Figure 11b Illustrates an 
20 example of the result of clustering where there is a relatively high fudge factor 
and relatively high emphasis on time. Cluster number 1 is seen to be fragmented, 
has a relatively high NPV but Is not considered mineable. 

In accordance with the aspect disclosed above. Figure 11c illustrates an 
exampie of the result of clustering where there Is a lower emphasis on time, as 
25 compared to Figure 1 1b. The result illustrated is that both clustere number one 
and two are connected, and 'rounded', and although they have a slightly lower 
NPV. the (dusters are considered mIneaUe. 

As the present Invention may be embodied In several forms without 
departing fh>m the spirit of the essential characteristics of the Invention, it should 
be understood that the above described embodiments are not to limit the present 
Invention unless othenwise specified, but rather should be cor>strued broadly 
within the spirit and scope of the Invenlion as defined in the appended claims. 
Various modificafions arid equivalent arrangements are Intended to be Included 



30 




p. 27 



24 



wItWn the spirit and scope of the Invention and appended daims. Therefore, the 
specific embodlrnents are to be understood to be illustrative of the many ways In 
whl<Hi the principles of the present invention may be practiced. In the following 
claims, means-plus-foncUon clauses are Intended to cover etiuctur^s as 
5 performing the defined function and not only structural equivalents, but also 
equivalent structures. For example. aHhdugh a nail and a screw may not be 
stnjctural equivalents In thai a nail employs a cyiindrical surface to secure 
wooden parts together, whereas a screw employs a helical suifooe to secure 
wooden parts together, in the environment of fastening wooden parts, a nail and a 
1 0 screw aie equivalent structures. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1 . A method of determining a cluster of material, the method including the 
steps of : 

allocating at least a portion of the material between a plurality of blocks, 
determining a first attribute related to co-ordinates corresponding to ea<^ 

block, 

assigning the first attribute tt>each conresponding block. 

determining a second and / or at least one further attribute(s) related to the 
plurality of blocks, and 

asgregating at (east two of the pluraUfy of blocks in accordance with the 
first attribute and the second attribute. 



2. A method as claimed fn claim 1, wherein the second and / or further 
attribute(s) provide tbr distinction between material considered of value, and 
material considered to be of lesser or little value. 



3. A method as claimed in claim 1 or 2, wherein the second and / or further 
attributes) corresponds to a positive value. 



4, A method as claimed in claim 1 or 2, wherein the second and / or further 
a1tr{bute(s) corresponds to a spatial value. 



5. A method as claimed In claim 1 or 2, wherein the second and / or further 
attribute(s) con^esponds to grade of the materiaL 



6. A method as claimed In any one of claims 1 to 5, wherein the at least two 
blocks are aggregated into a langer coUectton of blocks. 
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7. A method as claimed in any one of daims 1 to 6, further including 
repeating the steps defined to detemnlnaffon a further cluster from material 
already aggregated. 

8. A method of removing materia! from a predetermined location, the method 
Including the steps of. 

determining a cluster in accordance with any one of claims 1 to 7 • and 
scheduling the collections Into one or more periods. 

9. A mine design in accordance with the method as dafmed in any one of 
claims 1 to 8. 



10. Material extracted from a mine in accwdance with the design as claimed in 
dalm 9. 



11. Material extracted from a mine in accordance with the method as claimed 
in any one of claims 1 to 8. 



12. A computer program product including: 

a computer usable medium having computer readable program coda and 
computer readable system code emt>odied on said medium for determining slope 
constraints related to a design configuration for extracting material from a 
particular location within a data processing system, said computer program 
product including: 

computer readable code within said computer usable medium for 
performing the method as claimed in any one of claims 1 to 8. 
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1 3. A method and / or device as herein disclosed. 



14. A method as claimed In any one of claims 1 to 8. substantially as herein 
described with reference to the accompanying drawings. 

15. Apparatus adapted to deferaiinlng a duster of material, the apparatus 

Including: 

first means for allocating at least a portion of the material between a 
plurality of blocl<s. 

second means for determining a first attribute related 1o coordinates 
conBsponding to each block. 

third means for assigning the first attribute to each con-esponding block 

..K ""^^"^ ^^*^^'"'"Si ^ ^^^"^ and / or at least one furiher 

attr!bute(s) related to the plurality of blocks, and 

fifth means for aggregating at least two of the piuiailty of blocks In 
accordance with the first attribute and the second attribute. 

16^ Apparatus adapted to detemilne the removal of material from a 
predetemiined location, the apparatus including: 

™ans ftor determining a cluster In accortance with any one of claims 

1 to 7 , and 

second means for scheduling the collections Into one or more periods. 



ildudlnT^'^*"' *° <*etermfnlng a cluster of material, said apparatus 

said apparatus, in conjunction with said Instruction set. being adapted to pertbm, 
the method as claimed In any one of claims 1 to 7. 13 or 14. 
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18. Apparatus adapted lo determine the removal of material from a 
predetermined location, said apparatus Including: 

processor means adapted to operate In accordance with a predetermined 
Instructions set, 

aaid apparatus, in conjunction with said inslmction set. being adapted to perform 
the method as claimed in any one of claims 1 to 7, 13 or 14. 



19. Apparatus as claimed many one of claims 15 to 18. substamiaiiy as herein 
disclosed. 



DATED THIS 9th day of October 2002 

^MOOR|NBURG PATENT & TRADE MARK ATTORNEYS 

Kangaroo Ground Vic 3097 
Australia 
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Figure 6 WumpKIng Top-Level Row Chart 
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Figure 8 
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Figure 10 
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Plan view : 2D block slice 
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